The high temperature values in the summer time in southern Europe involve a high demand of energy for air conditioning. The advantage of solar cooling is the simultaneity of strong sunlight and cooling requirement. In fact, when the demand of electricity reaches extreme peaks for the excessive use of air conditioners, heat energy from the sun it is available. In this paper, an analysis with NEGST (New Generation of Solar Thermal System) feasibility study for a solar cooling plant in southern part of Italy (Naples) is carried out. The building is an office of a chemical industry. It is 48 m long, 23 m wide and 3.5 m high, and 200 people work inside. Thermal loads by machines, people, PC etc. were evaluated by means the software Energy Plus. It is considered three different type of collectors (FPC, ETC and PTC) and two different chillers: single effect for collectors FPC and ETC and double effect (H2O-BrLi) for the collectors PTC. Results are given in terms of solar fraction and PE-Saving for three different configurations. Then, it calculated the payback time for the best plant configuration.
INTRODUCTION
Absorption cooling technology can be used in air conditioning and refrigeration for the residential sector; it is also a more environmentally-friendly option since the system uses thermal energy to produce cold which allows the use of solar thermal energy, waste heat and other sources of low enthalpy heat. Recently a new type of advanced absorption cycles have been developed that are even available commercially in large capacities, including multiple-effect cycles.
Solar energy represents an attractive option to decrease the electricity and fossil fuels consumption as well as the dependency of imported energy [1] . Solar thermal cooling systems are also very attractive when solar thermal energy is used for other needs (DHW and space heating) [2, 3] .
Numerous studies have been conducted in the field of solar assisted absorption chillers.
Currently, the majority of solar absorption cooling systems use LiBr-H2O as working fluids. Research, involving simulation analysis and experimental research, has been reported [4] [5] [6] [7] [8] [9] [10] . Assilzadeh et al. [4] conducted a simulation and optimization of a solar absorption cooling system with evacuated tubes which will be designed for Malaysia and other similar tropical regions. To operate the system continuously and to increase its profitability, the system required a storage tank of 0.8 m 3 and 35 m 2 of evacuated tube collectors with an inclination of 20°. Florides et al. [11] carried out a simulation for a typical house in Cyprus. They modeled a SACS with weather conditions in Nicosia. The optimum configuration consisted of 15 m 2 of parabolic collectors with an inclination of 30° on the horizontal, a 0.6 m 3 hot water storage tank and a LiBr-H2O as working fluid which could cover the load of a typical house throughout the year. Luna [12] worked on simulation of an integrated system that provides heating, cooling and hot water for domestic use from a system activated which a hybrid solar/natural gas power source using a Yazaki 35 kW absorption cooler for a housing project located in Mexicali, Mexico. It is determined an area of 104 m 2 , the volume of 6 m 3 for the storage tank, and the optimal temperature set point (75°) of the auxiliary heater thermostat. The reduction of emissions to the atmosphere was estimated at 9 tCO2 per year with respect to a vapor compression cooling system.
The solar absorption chillers designed in the world are composed with single-effect chillers and low-temperature solar thermal flat plate or evacuated tube collectors (FPC and ETC) [13, 14] . The handicap of solar single effect chillers is the values chiller's COP, in fact, they require an high collector area to meet the thermal energy demand. Sometimes the available rooftop areas is small, so a large collector area for FPC collectors may be too expensive. Mazloumi et al. [5] designed a plant with a single-effect absorption chiller and with parabolic through collector (PTC) in order to meet the thermal energy demand of an house. Their results shown that the collector mass flow rate allows a good effect on the optimal capacity of the storage tank and a negligible effect on the minimum required collector area. Balghouthi et al. [15] developed a feasibility study of a solar cooling system with single effect absorption chillers in the Tunisian weather. They carried out an analysis by varying storage tank capacity, collector area and collector slope, they defined the optimal configuration for reliable operation of the system. Said et al. [16] carried out a mathematical analysis on a solar cooling system with single effect absorption chiller system, testing to increase the global COP of the chiller. In their work it is considered the recovery of waste heat from dephlegmator and using of a refrigerant storage unit. The performance of the solar cooling system was analyzed by means Engineering Equation Solver (EES), besides they carried out an experimental study to verify the plant for two days the accuracy of the mathematical model. The results suggested an improvement in the COP of the chiller by 10% of the dephlegmator heat recovery and by 8% of the refrigerant storage unit. Shirazi et al. [17] carried out a systematic parametric study and feasibility assessment of solar-assisted single effect, double effect and triple effect absorption chillers for heating and cooling applications. Their results shown that there is not any advantage by using concentrating collector powered multi effect chillers over solar single effect chillers in climates with low direct normal irradiance level. Parabolic through collectors and solar triple effect chiller are used in climates with direct normal irradiance fractions above 60% because it is necessary that the solar field is small. Reda et al. [18] focused on energy assessment of solar cooling thermally driven system configurations for an office building in a Nordic country. They analyzed two cases, they differs for the hot storage tank connection. In the first configuration only the tank can supply the chiller (Case 1), while in the second, the chiller can be supplied either by the tank or the solar collectors directly (Case 2). Their results show that Case 2 has better performance than Case 1, because of the versatility shown in summer. Mammoli et al. [19] , studied the performance of a solar single effect absorption chiller under different control strategies for summer daytime, summer nighttime, winter daytime and winter nighttime operations. The plant is located at University of New Mexico. Their results showed that the plant solar fraction can be boosted by 60% if the hot water storage tank is well insulated. Besides, the authors suggested a set of design recommendations for the solar collector array, hot water storage, cold water storage, and air handling units. Several economic studies carried out by many authors. Al-Alili et al. [20] carried out a global analysis of solar cooling system with single effect absorption chiller in order to evaluate their performance under an hot climate present in Abu Dhabi. Their results shown that the proposed system consumed 47% less electrical energy than the conventional vapor compression cycles, besides they noted that the collector area have a predominant impact on the payback time in terms of economic performance. Eicker et al. [21] [22] [23] carried out an energetic and economic performance of a solar cooling system for office buildings under different climates worlwide. Their results showed that it is possible to reduce the primary energy of 40-70% and the system design and energetic load have important roles in the performance of the system. Regue et al. [24] , in their study have tried to minimize losses in order to increase the performance of a solar thermal concentrator. They have carried out an experimental analysis, which consists of converting solar radiation into thermal energy using a cylindrical parabolic solar concentrator. The developed theoretical model involves a number of parameters such as the average monthly solar radiation that allows us to estimate the direct radiation at the reflector, the geometrical concentration and exchange of heat between the opening of the collector and the the receiver, allows the evaluation of the temperature at the latter. This model of concentration leads to levels of temperatures between 70C° to 200C°.
Cucumo et al. [25] have carried out a thermodynamic analysis and evaluation of the performance of solar plants with parabolic through collectors cooled by atmospheric air. The plants were studied in two operating modes: at variable flow rate and constant temperature at the outlet collectors, and at constant flow rate and variable outlet temperature. The results obtained demonstrate a very good performance by this type of plant, which utilizes the ambient air in place of the expensive and more problematic fluids such as synthetic oils and molten salts used in already constructed plants; it is very simple from the constructional point of view and does not need any water because the working fluid in the engine is the air and the intercooling of the compressor can also be done by atmospheric air.
This paper reports the results of simulation of energy supply in an office of a chemical industry via solar coolingheating system. It is studied the planning of meeting the energy needs of the office with an optimum level of solar energy. Besides, technical and economic feasibility study of applying an integrated system considering Italian prices of electricity and natural gas by using software.
SYSTEM DESCRIPTION AND INPUT DATA
The solar cooling absorption systems investigated in this work are based first of all on low temperature solar thermal collectors with single effect absorption chiller; subsequently it is investigated a solar cooling system with high temperature solar thermal collectors coupled with multi-effect LiBr-H2O absorption chillers.
The systems are designed to meet both space heating and cooling demand of a building, besides the plant is designed to work all the year. In addition, the system also meets the needs of hot water for a laundry and for bathrooms in the building object of study.
Figure 1. Map of office building
The study focused on different types of commercially available collectors and absorption chillers, three different configurations are presented in this work:  SHC1 In the SHC1 configuration, flat plate collectors (FPC) and single effect absorption chiller are used.  SHC2 In the SHC2 configuration, evacuated tubular collectors (ETC) and a single-effect absorption chiller are used.
 SHC3
In the SHC3 configuration, parabolic trough collectors (PTC) are located for the solar field and a double-effect absorption chiller is used. Figure 1 shows the map of office analyzed. There are 24 PC workstations, 2 bathrooms and 1 laundry room.
Thermal loads by machines, people, PC etc. were evaluated by means the software Energy Plus [24] . Fig. 2 shows the maximum value of the summer load is in August, as it is in this month that it has greater need for cooling; the maximum value of the winter thermal load is obtained in January. It is considered both the solar radiation on tilted surface that the solar radiation normal surface, as it is a comparison was made between three different technologies, two of which with solar field tilted 40° and oriented to the South, a rather PTC collectors with Est-West orientation. The values of the solar radiation are shown in fig. 3 and 4 . The calculation of the solar radiation on normal surface only concerns the PTC collectors; the calculation refers to an absorbing surface that rotates continuously in order to remain always perpendicular to the sun's rays (normal surface). When the dish is aimed toward the sun, the sun's rays, entering into the opening of the reflector, are reflected from the receiver to the absorber, which converts the energy into heat and transfers it to the heat transfer fluid flowing inside. The absorber of the collector PTC (Parabolic through Collector) has a diameter that depends on the size of the image of the reflected sun and from the production tolerance of the reflecting surface. Usually it is coated with a selective coating that allows a high absorbance for the solar radiation and a low emittance to reduce losses by radiation. The absorber is usually covered by a glass tube in order to reduce convective losses. The choice of a technology of a SHC can be activated by different requirements: the coverage of a percentage of thermal loads; the area available for the installation of a solar field (for example, the roof of an industrial plant); the maximum budget available; even more simply, the maximum size that allows access to one of the incentive mechanisms analyzed previously. In this work, it was considered appropriate to dimension a SHC that covers at least more than half of the annual energy requirements through the sun.
The system is designed in accordance with the "cover policy"; then, at least 60% of the annual demand for energy must be met by the solar heating and cooling system. To this percentage will correspond to a quantity of primary energy saved, evaluated later.
It must be considered that the solar fraction increases with increasing of the total area of the collectors, tending to the unit value: the solar source, in this case, would be able to fully meet the energy requirements of the building. Increasing the area, therefore, reduces the contribution of the energy source, but it increases the cost of the plant. Figure 5 shows the scheme of the SHC system. The more important components of the plant are solar thermal collectors, three storage tanks, a supplementary boiler, a chiller (the wet cooling tower is incorporated), fan coils for heating and cooling, valves, pumps and control system. The system is designed to allow both space heating and cooling required by the building, besides it is necessary that the solar field work during the whole year. It improves the efficiency and economics of the plant as compared to those producing either chilled or hot water alone.
The energetic performance of the proposed SHC system can be evaluated taking into account two factors: solar fraction (f) and primary energy consumption (PE-Consumed).
Solar fraction is defined as the ratio between energy supplied by solar resources and the total energy demand required by the building. The SHC systems investigated in this work use more than one type of energy carrier (electricity and methane), the primary energy consumption corresponding to each configuration is calculated to provide a common expression of all energy carriers.
The plant in question is a closed cycle system (closed because the heat transfer fluid evolves in a closed cycle).
The energy from the sun is "captured" by the solar collectors, which transform the heat using the heated water (and suitably mixed to a solution) as the operating fluid (water) within a refrigeration cycle. The cold fluid will then be used for the conditioning of environments. In a country like Italy, characterized by very hot summers, solar cooling could well express all its potential.
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of some weeks or even months depending on the case that this is a daily or seasonal storage.
So has the role of a real thermal flywheel, and may be essential even in periods in which the absorption machine is in maintenance, ensuring a cold reserve for many hours. Chiller 70 kW Pumps, valves and control system -Heat exchanger -In the case under review, it is the accumulation of daily type. While the cold accumulations are used only in the summer, or when there is demand for cooling, the hot storage tank side are used both in the summer months than in the winter. In the case in which the accumulation of thermal energy, and therefore the solar field, is not sufficient to meet demand during critical periods, it is necessary that alert at the auxiliary gas burner. This auxiliary gas burner serves to heat the hot water in the accumulation downstream of the solar field up to the temperature required for the proper power of the absorption (140/150°C).
NEW GENERATION OF SOLAR THERMAL SYSTEM (NEGST)
NEGST [26] was born by European project. The overall objective of this project is to introduce more cost-effective solar thermal systems, particularly for domestic hot water preparation and / or space heating, to the market in order to contribute to the European Union's Action Plans with regard to the reduction of CO2 -Emissions and the cost effective supply of renewable energies. In order to achieve this goal the project provides a framework for the development of the next generation of solar thermal systems and their introduction to the market.
ANALYSIS
The methodology implemented to perform the thermal analysis of the different solar cooling systems can be summarized in the following main steps: -Calculation of both cooling and heating loads on monthly basis for the building located in the selected site; -Calculation of the related primary energy consumption of the conventional cooling and heating system to be replaced by solar energy. An electrically driven vapour compression chiller, operating as a heat pump during the winter season, is assumed as the default reference system; -Calculation of the thermal energy required by the solar system; -Assumption of a reasonable fraction of the primary energy consumption to be replaced by the solar energy; -Evaluation of the requested collectors area to obtain the desired primary energy saving.
After the insertion of all the parameters needed for the thermal performance analysis, it is possible to start the calculation. 
Figure 6. Input data of NEGST
The result is two plots: a curve reporting the variation of the primary energy saved with respect to the reference conventional system, as a function of the collector area and a chart showing the heating and cooling loads on a monthly basis as well as the solar fraction and solar radiation. Solar system parameters considered in the case study are shown in table 2.
In "Reference CHP" of Figure 6 the values of the heat pump coefficient of performance in compression, assumed as the reference heating system (Heating COP), and when it functions as the cooling machine (Cooling COP) are inserted.
The heating and cooling COP of a reference heating/cooling system have to be provided (the default values correspond to the average heating and cooling COP of an electrically driven vapour compression heat pump). This issue allows to evaluate the corresponding primary energy consumed by the heating and cooling machine assumed as the reference system.
The solar field surface adopted in NEGST was always equal to 90 m 2 for all the considered technologies; so, doing to remain fixed this value, it is calculated the value of the corresponding solar fraction, which results to be acceptable in the case in which greater than 60%, as determined according to the "criterion of the cover". To have a capacity of actual daily accumulation of six hours, guaranteeing a percentage greater than 60%, it takes at least fifty liters of water per square meter of solar panel field; therefore, the heat accumulation should contain about 5 m 3 of water. The accumulation of DHW has been dimensioned considering the demand for water for toilet to use offices and the liters required for the washing of each washing machine present in the laundry. To obtain a correct proportion between the solar field and the amount of accumulated water in the tanks, to 90 m 2 of solar field arising from the analysis for the operation of the chiller, are added other 5 m 2 .
About the configuration 1 (SHC1) and the configuration 2 (SHC2), there is the presence of a single-effect absorption chiller, whose operating cycle is shown in figure 7 . The choice of this type of machine is strongly dictated by the solar field, because the temperature reached by the evacuated tube collectors is greater than that attainable from the flate plate collectors, but still falling within the range 70-100°C, values
with the PTC collectors. This because the typical double effect machines require heat transfer fluids at high inlet temperatures (around 140-180°C), and the parabolic collectors (PTC) can easily reach these temperatures. In the following paragraph, a comparison was made between the three different solar field of technologies to be able to choose one, and carry out on a second time design considerations to achieve economic and financial analysis. 
RESULTS AND DISCUSSION

System performance
For each type of solar field adopted, it is made an annual analysis is in terms of primary energy, and the results are shown in Table 4 . "PE-CHP" are the primary energy consumptions of the reference system, "PE-Consumed" is the consumed primary energy of the back-up unit. The weighted average of the monthly solar fractions results in the annual solar fraction, "f". This table comes from a comparison of the yearly solar fraction that is obtained from the configurations of systems SHC1, SHC2, SHC3. In fact, the next three histograms show the evolution of the annual solar fraction each month. (fig. 9) ; the optimum inclination respect to the horizontal plane is about 40°, as shown in Figure 11 .
While achieving an annual value of 0.71 solar fraction, in the summer the ETC technology has a relatively low value of f, especially in the months of July and August (respectively 0.71 and 0.48); the FPC collectors technology has a low annual efficiency, as with 90 m 2 of solar field can annually reach a solar fraction of 40% ( fig. 8 ): this means that the remaining energy needed by the building must be drawn from supplementary units. But SHC3 deserves a very important consideration: while for the ETC technology the boiler should work even in the summer months to integrate the absorption machine, the PTC technology supplementary boiler can even be switched off throughout the period from May in October, the months when there is a unitary solar fraction (f =1).
Figure 11. Solar fraction at different collector slope
So, there is a very significant saving electricity for the air conditioning in summer. And in this lies the greatest strength of the parabolic trough collectors; in fact, they could offer their best just when the radiation is greater, that is, during the summer. Solar fraction equal to 0.62 ( fig. 10 ), as happens in the present case (SHC3), involves 54% of primary energy saved, compared to the conventional system which consists of a heat pump to electrically powered compression, active both in winter and summer. The optimal solar field is shown in table 5. (Fig. 13) 
Financial analysis
In order to evaluate the economic feasibility of the solar heating and cooling plant, an economic analysis is carried out on the SHC3 configuration taking into account both capital and operating costs of the system. The relevant part of the cost of the SHC absorption systems is the solar field and absorption chiller (38000 € and 25000 € respectively), other components have marginal effects. Investment analysis is carried out by analyzing the cash flows; in addition to cash flows that are produced by the new investment, it is also considered the time factor, in the economic -financial sense.
In total, the plant has an initial cost of 98.000€, which coincides with the initial investment; to assess the economic feasibility of the plant, it should be made an estimate of the annual cost savings, cash flows accumulated, the payback time. The following table shows some financial data, including the annual savings in euro, achieved thanks to the construction of the plant; Furthermore, it is essential to consider the annual maintenance and electricity consumption related to the electric pumps, the chiller and control devices. Therefore, this consumption represent an expense that must be addressed in any case every year, but that does not involve serious cash outflow. Legislatively in Italy, there are incentives for the production of energy from renewable sources. The duration of the incentive in years is function of the type of intervention; in the present case, the duration is five years. The consumptions are all related to the natural gas that powers the supplementary unit (gas boiler). The annual savings in euro has been assessed as the difference between the cost of primary energy before implantation and after implantation: this value of 15404 € is the cost savings achieved at the end of the first year of investment, then, considering the fuel inflation rate, it is estimated the actual cost savings, year by year. The payback period was calculated as the ratio between the initial investment and the cash flows; clearly, the lower the value of the payback, the lower the investment risk since it would require less time to recover the money invested. NPV and IRR are calculated: NPV represents the profit generated by the investment, expressed in money; IRR is the return offered by the project, calculated on the initial outlay on the basis of cash flows in future periods.
The values reported in Table 7 are referred to an analysis conducted to twenty and twenty-five years. Figure 14 shows the payback period is 3.4 years and the NPV increases linearly with the years. 
CONCLUSIONS
This study focused on the feasibility of a solar heating and cooling system. The solar field occupies an area of 95 m 2 and different storage tanks are present: 0.500 m 3 for DHW, 5.00 m 3 for the hot water and 2.00 m 3 for cold water. A supplementary conventional boiler of 35 kW is also present. The terminal part of the system is constituted by fan coils, which cools in summer and warm in winter, using a simple and reliable technology based right on the water as the heat transfer fluid.
Main conclusions of this work are: -In the summer analysis, the PTC collectors are more efficient than ETC and FPC collectors because the supplementary boiler doesn't work in the summer months allowing a minimal consumption of electricity for air conditioning.
-In the winter analysis the ETC collectors are more efficient than ETC and FPC (PE-saving equal to 58%) because the solar fraction are higher for the winter months.
In the Mediterranean Area the energy required is overall for air conditioning in the summer months, so, the optimal configuration is SHC3. 
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